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Summary

A PCR protocol was developed for the seleceive amplification of a segment of the nhosomal RNA oper-
on i Prendomconas sirains, Two specific conserved sequences suitable for PCR priming were identified m
the middle of the 165 rDMA and at the very beginning of the 235 fDNA respectively. As a resule, ampli-
fied region includes the 3° half of the 165 rDNA with the whole 165235 fRMA Tnternal Transcripred
!1'|-a|.|.-r l:l-.|'51.:l SECUEnCE. The xpuanih.' of the primer set was chﬁl:rd O SEIEnCe -.l.auhu.s»ﬂ :.1l1d 'mlid;l.[-
ed on collection strains and on ome hundred soil bacrerial isolates. Our results showed thae both collec
tion, soil-inhabinng Psendomonas and some Psendomomnas-related Azotobacter DNAs could be ampli-
fied, This .‘-p{‘l.'lfiL' PLR for the detection of Pegindomronas strains was in gond agreement with colany hy-
bradisation using a J:':-'m!:mmruf-xm'ifi; |1n||:u: The |>,-'|i:g:1|_-|j SCRNENL is relevant for a charactensation
ar the species (165 rDMAY as well as ar the infraspecific {IT51) levels. This PCR-based npprﬁuch afters
F'rl!!'I'"illl'IH pnrrnria| for Tl'k.' (hﬁrﬂ('[l:r-l“ﬁTinll ﬂf envaraimental Pesicdosrorss pupu|.'.|n4|ns.
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Introduction

The genus Msendomongs was originally described by
Miﬁuh im 1894, This BETUS Was redefined ﬂ.'\.'!.'l'ltl:,' and its
phylogeneric relationships with related groups or previ-
ously misnamed Prendomonas spp. were elucidared vsing
165 rDNA sequences (KERSTERS et al., 19%6). The gen-
wing Peeedomonas currently comprise more than 50
species (ANzal er al,, 20000, Bacteria belonging to the
genus Psewdomonas are widely dispersed in soil and
water environments, The genus Psewdorionas also con-
rains ilﬁpl::li'!ﬂ.ﬂ[ |'J.."|I!h|.lg|:r'|h ![ur ]:l|.‘|.r|1'x, FI.II:IE.I., :-11|:i|'r|.'||9.' .and
cven human {Lyczac et al., 2000), including oppormenis-
tic pathogens that have become more and more problem-
anic in term of public health. Nevertheless, some strains
shovwed promising properrics for the promotion of plant
growth, the inhibion of plant pathogens (Warsh er al,,
2001} or the degradation of xenobiotic compounds
(Daare er al, 2001). Understanding the role and evolu-
tion of Psesdomonas populations requires a comprehen-
sion of their diversity. Reliable tools for the detecrion of
the members of the genus Psendomoras are therefore
needed.

Hismricall}‘, the identification of Psendomonas strains
rehed only on morphological and physiological fearures.
However, such phenotypic traits have proved mm be vari-
able ar infraspecific level, Intraclonal phenotypic varia-
tion was also described in numerous Pieudomonas
species {GREWAL and Ramey, 1991; Runey and Travi-
san0, 1998) Furthermore, studics on environmental so-
lates revealed the limits of colture media selective for
Psrudomonas (KRAGELUND et al., 199%6; Jonnsen and
MIELSEN, 199%; AnGoT et al., 2001).

Molecular approaches based on oligonucleotide prob-
ing or selective PCR amplification were proposed for the
detecrion and the idencificarion of Psemdomtomnas spp. in
bath envirommental and clinical samples. Group-specific
probes targeted against Psewdomonas-specific region for
untiversal genes (Braum-Howeann et al., 1993 Lupwic

Abhreviations:
IT51 - 165235 rDMNA II!III.'fFJ.'J!IiL Transcribed 5|1..||.|.'r
RIP - Ribosomal Database Progect



et al., 1994; Asasr et al., 1996 permitted differentiation
of members of the genvine Pseudontonas from relared
genera, Recently, Winsitk ec al. {1998) proposed a primer
pair, which could be used for the amplification of a 185
fIMA gene fragment in Paendomonas from environmens
ral DMA extract, Similarly, 0F Vos e al, (1997) developed
primer sets targeting the functional aprl. and aprl auter
membrane genes for a specific detection of I aerngiosa
and fluorescent Peendomonas spp. respectively.

Most of the oligonuclentides developed ro date rargeted
the 165 rDMNA sequence. The 165-235 rDMNA Internal
Transcribed Spacer {named IT51) sequence has evolved
faster than the sequence of rDNA genes, because of its
non-coding funcrion, The TT51 comprises conserved re-
grons (generally corresponding to tRNA genes) as well as
regions highly variable in length and sequence |GORTLER
and STANBICH, 1996; Garcia-MarTiNez et al., 1999)
TI1.|‘:I'|I‘E1”:|I.‘\L“, Oane i exXpect this SECUENE I EXPress dif&r-
ences berween closely related organismes, especially ar the
mfraspecific level, The corresponding DMA Fragments can
be amplified, tking advantage of conserved nucleotide re-
gions in the flanking 165 and 235 fDNA sequences.
Muoreover, the target region may include a more or less
large part of the 165 rDNA sequence, being suitable for a
reliable taxonomic characterisation ar higher level.

The abjecrive of the present work was o develop a2
method allowing a rapid identificarion of isolates o the
genus Psevdomonas during routine resoing as well as cheir
sulmequent genotypic characterisatien, For this purpose,
a new set of PCR primers specific for Psendvmonas was
developed, allowing the amplification of [T51 wgether
with a phylogenetically sigmficant part of 165 rDMNA.
The validity of this PCR protocol was assessed on collec-
non strans as well as environmental soil isolates,

Material and Methods

All sequence positions presented in the current work are in
accordance with positions corresponding to Escherichia coli
gene (16h FDMA, 235 eDMNA numberng.

Design of Psewdomonas-specific primers

Complete 165 rINA sequences for 57 Frewdomangs species
arareg sleicho (ANZAL et al., 20800 and E. colt {accesston nueme-
ber JO1559), and 10 sequences available for the very beginning
of the 1315 rDNA gene for some Frowdiornoas spp. and for
E. coli (Fipure 21 were retrieved from CenBank dambase
(horpaiwwewnehi.nlmonib. gev/Genbankandex hmli,  The  16%
and 235 rDNA sequences rcespectively were aligned with
GeneBase program (Applied Maths, Korerigk, Belgium). This
alignment was used to determine conserved regaons for PCHR

primer design,

Thaaoretical evaluation of Pseudomonas-specific primers

For each region, the most rebevant algonucleotidic sequence
inamed (Ps165 for the forward primer on the 165 fDNA gene
and rifs235 for the reverse one om the 235 rDMNA gene) was se-
lected for its conservabion and specificity to Psewdomongs se-
quences,

Candidate sequences were 53-ACTGACACTGAGGTGE-
GAAAGCG-3 for fPal65 [(position 736-779) and 5°-ACCG-
TATGCGCTTCTTCACTTGACC-3 for ePs238 [posinion 1-25].

These two sequences revealed comparible melring Tempera-
tures (61,3 “Cand 61.2 *C respectively, using the GG rule, Sam-
w0k and Busseie, 20010 and could e used as primers for
PCR amplification wsing stringent conditions e ensure the
spevibicity of the annesaling.

The theasetical marchings of both sequences were assessed in
the RDP dagabase LIsing CheckProbe .*|1S|.|':,';i5 version 2.3
(Mamag ee al, 2001, and in the GenBank database using che
BLAST prosgram (AvTscHun e al., 1997).

Collection strains and environmental isolates

The collection strains used i this study and their source of
isalation are listed in Table 1, They comprise 33 strains of nu-
merous species and subspecies of Psesdomonas (Table 1a) as
well as 17 strains of non-Peemedoomonas [ Table 1b).

Environmental iselates originared from a natural soil under a
litoral meadow [at south shore of lake MNeachitel, Switeerland),
Toral cultivable hetermrophic aerobic bactena were recovered
by tenfold serial dilutions of a soil suspension and plating on
non-selective ."-'msi: medium (ARGLE g1 al., 1991), Abour one
humsdred Gram-negative solates were randomly selecred.

DMA extraction

Owernight cultwres of collection and environmental strains
on Murrient Agar were collecred in sterile microtubes and
washed by shaking for 4 min in 0.4 M NaOH, The bacrerial
cells were pelleted by centmfuganon (13,000 g for 15 min),
washed in TE buffer pH 8.0, and re-centrafuged m the same con-
diteons, Bacterial cells were submired o DMNA exiraction fol-
lowmg the procedure described by MOORE et al. (1999), except
thar 13 pl of bodled 10 ayg - ml™" RNAse was added during the
proteinase digestion step.

PCR amplification of IT51

Two primer sets were wsed for PCR amplification of the
ITS1 regpon {see Fig. 1k Ps1680Ps235 (Peendomonas primers
defined in the present study) and 5-D-Bact-1522-b-5-2001L- -
Biact 132-a-A-18 (Bacteria primers, Moksaso et al, 1996, For
the Psendosromas-specific PCR, the reaction mix conained
{fimal concentrations): 1x Thermaophihe NA Buffer {Promegal,
dmM MgCl, 0.2 mM cach dNTPs [Gibenl, 0.25 pM each
primer {Microsynih, Balgach, Switerland), 0.05 U« pl' Tag
DMA polymerase (Promegal, and 10% (val:vol | of ten-fold di-
luted templace DNA. The reactions were performed i a PTC-
200 Peltrer Thermal Cycler (M) Research Inc., Massachusseis)
with an wital denaturation af 3 min ac %4 °C, followed by 40
cycles of 1 min ar 94 °C, 30 s ar 55 *C and 1 min a0 74 °C, and
a final extension step at 74 "C for 5 min. PCR producs were
amalysed by electrophoress in 1,3 % agarose gtk (Earobin, Les
Ullis, France)l and visualised after staining with ethadium bro-
mide. PCR amplification with Bacteriz primers was wsed in
order 1o check the quality of DINA extract and the size of 1751
region. It was carried our as previously described (Norsmamn
et al., 1995

Hybridisation with PSM,, probe

Bacterial colonies were tested for their hybridisarion wits
PSM,; probe (target posinon: 440456 on 165 rDNA) specific
for Psendomonas spp. (Braur-HOwLAND et al., 1993) a5 previ-
ously described (MARILLEY et al_, 1999),

Cloning and sequencing of 165 rOMA fragments

165 OMA genes were amplibied with Gm3f and GM4r
prmers (MUYZER o1 al., 1995} PCR products were purified
using Mucleotrap extracnon kit for nocleic acids | Macherey-
Mapel GmbH, Dhiren, Germany), and cloned inpo pGEM-T vec-



v {Promegal and E. colt competent cells. Transformanits were
processed with NucleoSpin Plasmid kit {Macherey-Magel] for
plasmid exeraction, as recommended by the manufacturer, The
correspanding inserts were sequenced using T7 labelled primers
(Sanvenpeok and Ruosser, 20001). The identficanion of the corre-
sponding organisms was achieved by wsing a BLAST analysis on
the retrieved sequences.

Results
Design of specific primers

The definition of Prendomonas-specific primers was
hased on che sequences available in GenBank dacabase.
Target regions conserved and specific tor the genus Prer-
aomeonas (relarively ro the available sequence data) were
ilentified {Fig. 1) ar locations 756=779 for 165 rDINA se-
quences [[Ps165), and 1-25 for 235 DONA sequences
(rPs238), (PR 165 and rPs2 38 sequences were conserved in
the fifty seven 165 rDNA and the ten 235 tDMNA Psen-
domronas available sequences respectively. They displayed
2 amd 5 mismatches with the 165 and 235 rDNA E. coli
corres ponding sequences, respectively,

Theaoretical evaluation of Pseudomonas primers

The {Ps165 sequence displaved a perfect march with
551 sequences among 7322 165 rDNA prokaryotic se-
quences available in RDP database, We considered these
matching sequences for their phylogenetic affiliation.
Briefly, 66% of these sequences corresponded oo Maen-
dowtosras or uncultured and wnidentified Psewdomonas-
relared sequences, Four sequences [less than 1% were re-
lated to Azotobacter spp. |Peeudomionadacesel, About
19% corresponded to other y-protecbacreria 165 cDNA
sequences [ Cheeanosiarilium group mcluding Halomomnas
and Marisononas genus, Moraxellaceae, sulfur-oxidizing
symhionts and unidenrified y-proteobacreria). Less than
10% were retrieved from other bactenal groups: 26 se-
quences from Rickeftsincege {o-protenbacteria) and 22
sequences from d-protecbacteria (Desulforbabdug, Desul-
fovibrio, Lawsaonia spp.). Four other sequences matching
with fPs165 (Y13327, AF 112477, 219622 DERE2 1| cor-
responded to misnamed organisms and were actually
closely relared o Psendomonas spp. (identity = 98%).

Only two 23% rDNA sequences relared oo Pses-
dostosas  [among 1400 sequences  from  eukarvoric,
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Fig. 1. Primers used for PCHR-amplification of ITS1,
1* primer fPs165 (Paedosonas, forward) positon T56-7759;

2**primer FLPS L4720 { Bacteria, torward) position 1472-1490;

* present study; ** MorsanD et al., 1996,

3* primer rP's235 { Peesdomonas, reverse| position 1-2%;
4. prumer FGPML13273R [ Bacterta, reverse] pn:biiri:m 118-135;

Positions are given according o E. coli numbering on 165 and 235 rDMNA respectively.

1 11 21 a1 41
235 {coding sequence) GOETCARGTGA AGRAGCGCAT ACGGT
P, fluoreseens | AF1534704) wrsramsass  mmsmssssss  «eas<BOATE  COTTG(ECAST CRERGOOGA
P mrendocing (L28159, 128160, L28161)  |o.c..e.s.. ST O iy Ut S Fi | TE S PR
P aerugmags |AEGOAS02, Y0043 0000 |eieeeannas b asaEs dkEe PR e .
P. eruginosa (L18148, L28149 [381500 | ocivae e e R e S T |
P, stwezers (L3012, XET289) PN e o e e SRS EE | R e e
P. perfectrenarina (LO3TREY | . i..ea. R e S e o ek H i ?
Azodohecter vimelandii |AFOTIR09) ol iee... e SELRRAER  Smaes e e
Steworrapbomonas maltophiiz (1281660 ... ... P, TR, e e BR: o8es i
Halcmaonaz pacifica (AJ306882) R R A T I e e e o
Moraxells catarrbaliz |A2TRI8) [T PR S P PR +EEE fee  EmrmeTeaw
Vilirin vnetnificrs (XE7293) wosliiias BlisnndTil maEinite e o e
Eschericbia eoli {(V0345) i v K I o Mice SR mamanm s G | e i v
Actnetohacter ealeoaceticns (X RTIR0) Maiaar ok iy EGsRlE T =
Barchnera apbidicela (LI09230) P, R TR BOREE | U NRE TRER S o B S
Ekrlichia chaffeense (AFOOOT) [ v ! T - GTATCA.A T.CTGAATCC ATAC.|.OTT. OS.RCO.AAS
Coxaella trneni (XT79704) .. oAG..GAG C.TTCT.T.A C.T...A.C. TGA.C|.AGAGC CGTTT.CT.S

Fil{- 2 Hlllhrllt' nucleotice :llrg:nrncnt of the available 5" end of 235 fDMA SECUENCES of Peendoemonas and II';IF;&-m:]'[{hi.ng mest-
Psewdomanas species, Nuckentides are wentified for maspamings enlyv. Nucleorides idenrical to the rPs238 sequence are indicated by
dows, The positions are given according e E. coli 235 rONA numbering. B - AG, S - GIC,



Table 1a. Prewdosonas strains used in this seudy.

Taxon

Callection number

Original source

P aeruginosa
" agaric

P aspalemi

P chlaroraphis

P chioworapis

P blatchfordae

P caricapapayae

B chlororaphbis

P cichorid

F. corrngata

P fTuorescens

P fluorescens

P fTuorescens by 1V
P fTuorescens by 1V
P fhiorescens by 111
P fTuorescens by 1
P fMuewescens by |
P fliorezcens by |
P Tewescens by VI
‘Pseudomanas gingeri”
P margivalis pr margimalis
P paticda biotype ©
P paticla biotype A
P paticla biorype B
P rolassii

P steridzeri

F. fTworescens
Psewdowreonas sp.
Psesedosreonas sp.
Psewdomnnas sp.
Psesedomronas sp.

ATCC 10145
ATCC 259477

LMG 21737
ATCC 17415
[¥5M G6EIE
ATCC Bde!
ATCC 336157
ATCC 446"
ATCC 10RET
ATCIC 297347
ATCC 27663
CFRP 2022
ATCC 12983
ATCC 17513
ATCC 17400
ATCC 17482
ATCC 13325
ATCC 17397
ATCC 17552
LG 5327
ATCC 1781%
ATCC 17338
ATCC 126337
ATCC 17450
ATCC 3361 81
ATCC 175547
CHAD
TMIAZ and TR1 A4
PGMLD and PGNRT
FL}

FL%

un li:l'l.l:l'h'ﬂ
Aparfcus bigporac

Aspleainmnr midus

soil

clay in kerosene
Plupseadus wfmd.rr.é
Carica papaya

plate contaminant
CiePorsen esdien
Lycopersicon escnlortin
sonl

Ablisers sativim

soil

WareT

hen egg

u.'n.krlnwn

WAlET Fescrvair

tap water

Wwaler

Agaricies Bispors
pleural fusd

waner

soil

unknown

.-tg;rri.ru; .Flfslnrlrn.s
unkncwm

tebagee (Swinerhand ) "
tomara Swirzerland) '
tomato [Grhana) ™
rhizoplane soyhean '+
rhizosphere of pea

M KEEL er al., 1996 ;% Bao and JoHRL 1999,
CFBP — Collection Frangaise de Bacréries Phymsparhogénes
rype steains are indicared by a ' after che collecrion numbser

Table 1b. Non-Paewdomonas y-proteobacrerial strains used for primer ser validarion,

Tanon Cullection number Family
Azotelucter chroocoacim AN 374 Paendomanadaceas
Azoteduacter chroocoecing D&M 2188 Prosadimremadacsar
Azatobacter s, DEM 1721, DSM 1722, D5M 1723 Paendomaradacear
Azommonas agiliz 6N 3757 Paanndorroradaceas
Psesedoalterameanas gracilis H4o Altercmmonadaceas
Vibwréo fischer DEM 507 Vilriomacear
Enterabacter cloacae MELI 1027 Erterabacieriacear
Esterabacter aerogenes DEM 300535 Ertercbacteriaceas
Esctrerachia eol NEL 1006* Enterobacleriaceae
Kilebsiella coytoca MWEL 30 Erterabacteriaceae
Protens vnigarss WEL 1049* Enterabacieriacear
Prowidencia alcalifaciens WEL §4* Enrerebacteriaceas
Salrrnrselld pawaenui NEU 1065 Enterabacleriaceae
Serratid indrescens MELI 102:4* Enterobacteriacear

* MEU : bacrerial collection of the University of Meuchétel
rype srraing are indicared by a ' afrer the collecrion number

W M oEas (19925



Table 2. Amplification results with Ps] 65238 primers and
rlqkl Ill-'l"'rll.'.l'.'.1ll1lll1 (\F 5|I1I| I'\l.1|.'ll\. r|.1| I'\-|'||.1I:|."1.

R 4 PCR- aral
Ha+ is 2 17
H- I} (e} 4
rastal 15 i3

Hs+H=: isolates diplaving a positivelnegative [respectively| hy-
brdizanon with PAM,. pr|-|'r

PCR+POR—: solares displaving a positive/negative |respective
Iy} amplificarson with fPs165% and rPs235 primers

prokaryonc and mitechondrial origin) were available in
the |:t|’;‘_1' ribosomal subunit RDP database, We assessed
the targer sequences of rPs23% wsing GenBank database
A BLAST .ll'l:ll!. sis on iPs2 38 SEC)bCnCE I.Ii‘\.|'|[.l'l-'1'l.| i |1|."ri.;'rr
match tor enly 23 sequences in GenBank darabase. These
included sequences from 16 wennified Psewdomonas spp.,
one unidenrified sugarcane isolate (AF251157) related o
Prewdomonas  (94%  wenoty with P rolaasi), two
Chlamydia-associated clinical sample related to P aerugi-
mosd (99% of idencirvl, three envirommental clomes
[AF422501, AF4224999 and AF422492, related 1o Psoow-
dovmongs [T51 sequences| and one Azotodacter vieelands
[AFI79R09), Figure 1 presents the alignment of available
235 rDINA sequences with particular mterest for Psew-
domones and organisms for which 165 rDNA sequences
displayed a perfect match with fPs165.

When grouping  sequences matching  with  both
primers, all availahle non-Peendowonas sequences in
RDOP and GenBank darabases displaved ar least 1 mis-
match for at least one of the speafic primers, except Azio-
tobacter pinglandic |sequences LA40329 for 165 fDNA and
AFOTOROS for 235 rDMNA).

Experimental validation of fPs165 and rPs235
specific primers

Psewdomonas and non-Psewdomeonmas DNA - exoracts
were tested for amplification using the fPs165-rPs2358
primer zer. All the 33 Peewdomonas strains {Table 1a)
were positively amplified using chese praimers and generar
ed vsually abour 130M) bp PCR products. Some Pses-
||r|'.l'!|-'.|.|?.|'.i stramms ;:L'm'rarud 2 or ? di_l«\'r("r{' I'l;"|_|'||_|_l. ;,\1.Tl_'|'
PCR amplification, whose size ranged From aboue 1100 o
1300 bp (Fig. 3). Multple band parterns of these strains
were confirmed by the use of [TS] Bacterig primers, None
of the 17 non-Psendomonas collection strains (Table 1h)
generared an amplicon with 165 and rPs235 primers,
except Azotobacter chroococenm DSM3T74, for which a
PCR product, at the expected size (abour 1300 bpl, was
obtamed. The four other Azofobacter strains were rec
ed as negative for PCR amplification with specific
primers, although their DNA could be amplified with
Iilﬂl Pernd |1r1|||1'r'\..

One hundred and one Gram negative sol isolates were
tested for amplification with Ps165 and cPs235. The
strains giving an amplification were recorded as posirive

HHH by

1 20K} b

00 by

400

20 l-g

Fig. 3. PCR amplification of collection strain DNA with Pae
dontonas primers, PCR was performed with iPs165 and rPs238

Primers.
M = Low DMNA Mass Ladder (Gibco), 1 — P asplenii (LMG
21731, 2 = P flworescens (ATCOC 17513, 3 = P lu ]

[CFBIF 2022}, 4 - P, prargimalis py. marginglis ATOC 17819, § -
A. clrooeoccem DAM 374, 6 = E, enli, 7 = contral [no DMA
template),

{noted PCR+). When no amplicon was obrained, the
strains were recorded as negaove (noted PCR=). Thirty-
five isolares were PCR+ and generated an amplicon at the
-:'xp-.'rn:d size (1 oo 3 F|'i|.!'.",.|'!’|l\."l!lr'\: ranging rom about 1100
to 1 300 bpl. Eight of these isolares were submitted to 165
rDNA sequencing and their affiliation o Pseudomaonas
genus was confirmed (identity > 94% using BLAST analy
sis|, Three of the retrieved sequences were closely relared
to the 165 rDNA of P alcaligenes (> 99% idenuty). One
additional isolare, which generated unusual profiles afrer
restriction analysis of the amplicon (dara not shown ) was
alse submitted to partial 165 rDMNA sequencing and
could be affiliated o Stemogrophomonas  maltophiliz
-:.h..?}rf;':“.il'r.l.'r..li Eroup, Y-pri rh..':-|1.1l_'b='r1.1 I, \;nnu,'thk'h,'s.-._ |:|'u_-
165 (e, ABODES09) and 235 (L281a6) (DNA sequences
available in darabases displaved several mismarches with
IPal 65 and rPs2 35,

The reliability of fPsl65—rPs235 Primers wis assessed
using hybridisanon  with the Psendomomas-specitic
PSM,; probe. The soil isolates were recorded as positive
{H+) when hybridisation generared a strong signal and
as megative (H-1 when no signal or a fainr signal was
recorded. The comparison between specific amplifica-
riom and PaM; hybridisation results is presented in Table
2. All PCR+ strains were also He and all the H
were PCR—. Two bacrerial strains were recorded He but
were negative for amphfication with fPs1a5—rPs2 35,
Partial 165 rDNA sequencing revealed thar these strains
WENT r-:'|.'|T1'|| L (0] f’..'iln'rlu,';.' ;.'_g_gl'rl.l.'u'r.uij I:.'||_| f'..'rn'rn:'._i g
matis (100% idencity on 755 bp and 99% identity on
735 bp respectively for BLAST analysis). When consid-
ering thewr 165 rDNA sequences, as well as 8. maltopbil-
fa-related SEQUEnce, we could not reerieve the \.'1|'.|'||_'.-||'l:|,'
15 bp putative hybridisation site for PSM,, probe (only 9
to 100 bp length sequences displayed a march with
PSM, )

straimns



Discussion

Limited dara were available for the definiton of a
consensus oligonucleotide for Psedomonas 235 (DNAL
Such sequences were retrieved from sequences of the
IT51. which included the beginming of 235 rDNA
(G et al., 1994 TYLER et al, 1995; Guask ¢t al.,
20000, or from the few complere 235 rDNA gene se-
quences available for Psendomonas {for instance Lum-
wit: et al., 1994), On the contrary, recent work on Psen-
domtosras taxonomy [Moore e al., 1996; Anear et al,,
2000 has given access, for the very first time, to a repre-
sentative collection of 165 rDMNA target sequences for
this genus. A rarget region specific for Piewdomonaes
genus {fPs165) was identified in the middle of the 165
rDNA sequence, allowing to include a phylogenetically
meaningful pare of the 165 rDNA gene in the amplified
region, fPs165% and fPs235, when combined, formed a
primer set which was conserved for all available Psew-
domonas sequences.

Theoretical matching with sequences in GenBank and
RDP darabases, as well as experimental resting on collec-
rion and envirenmental scrains, have confirmed the speci-
ficity and efficiency of fP's165 and rPs235 for the speafic
amplificarion of 1100 ra 1300 bp fragment(s) of the ribo-
somal operon in Peendomonas spp. This primer ser also
revealed matches for Arofobacter spp. According o DE
Vos et al. (1985), the genus Azotobacter is closely relared
tor the genus Prendomonas, Moreover, in the taxonomic
hierarchy proposed by the RDP, Azotobacter spp. are in-
cluded in the =Psendomonas and relatives™ cluster. Con-
sequently, it was not surprising that some Agorobacter
DM As could be amplified with our primer set, As suggest-
ed by Axzan et al. (2000), we recommend an extensive
study for a debmite conclusion on the taxonomy of this
genus and its phylogenetic relationships with  Psew-
domsonas.

In our study, some of the collection and environmental
Psendomonas strains viclded multple size PCR products
[up tin .:!-j. i jl:;l’L'\‘.II:IH:IT with prcv:il:m.'\.l:r' puh“she:' dat:l
(BExrasan et al., 1998), For a given strain, the number of
PCR products was identical with Psendomonas and with
Bacteria primers, confirming that the region targeced by
mur primer ser included che TTS1, The ITS1 length varies
hoth between species and berween multiple operons in a
piven organism. Foar rfDNA manscoprional units have
heen described in P stetzerd (Givarp er al., 1997 and
F. aerugimosa (RoOsunG et al., 1982), Variatons in the
lempgeh of ITS1 are due, in parr, ro the number and rype of
tRMA genes thar it may contain (for most of proteobacte-
ria, including Psesedomonas spp.: tRINAY and (RNA"MY)
(JENSEM et al., 1993}, The size of gencrarcd PCR. frag-
ments, which include about 7500 bp of 165 rDNA se-
quence, 15 i good agreement with previously published
data about the size of TS for Psesdomonas: this may
range from 515 to 548 bp (G er al, 1994; Svoana et
al., 1999; Guase er al., 2000), when including both tRNA
genes, In our study, hmited length polymorphism was
also detected for ITS1 sequences from a large collection
of Psesdomonas,

Specific PCR amplification with fPs165 and Ps235
was in very good agreement with PSM,, probing on soil
isolates, as all the PCR+ strains were also He, Nonethe-
less, a few H+ PCR- sorains were not related o the genus
FPsendomonas, These results suggested thar the expen-
mmental (steingency) comditions were not opbimal regard-
ing the specificity of the probe,

The prabing approach provides the infarmation on the
presence and numbers of bacteria affibated o Psen-
domonas genus (Braun-Howpann et al,, 1993; MaRILLEY
et al., 1999, On the ather hand, specific PCR amplifica-
tion provides a reliable ol for (i} detecting Psen-
demoras strains, (1) confirming their affilianon wo this
genus and (i) assessing their genotypic diversity, using
the sequence variahility of the generared PCR producrs,

The proposed approach could take advantage of the
165 rDNA fragment of the amplicon. This one displays a
limited level of sequence variabion or restriction polymeer-
phism (BroscH er al., 199%6; Acsiouax er al., 2000, and
generates resericrion fragments thar are specific for some
species or groups (LAGUERRE et al., 1994}, Moreover, the
ITS1 sequences were shown to be perfectly identical or
very slightly different from strains belonging mo a same
biovar or genomovar, whereas they displayed frequent in-
sertion or deletion events between strains from different
subspecies (Sawana er al,, 1999 Guase er al,, 2000), The
ITS] repion was alse used for the definition of strain- or
group-specific probes (Gl er al, 1994; Tyiee ex al,
19%5) or PCR primers (YawG er al, 2000} in Psen-
demonas genus, which can be useful far wdentification
and monitoring purposes. Maoreover, restriction analysis
of [T51 was shown to be valuable for the differentiation
of Psewdomongs  strains at an  infra-specific  bevel
{Manceat and Horvas, 1997; CHo and TienE, 2000;
JEmicG et al, 2001).

Finally, preliminary results showed that the amplifica-
tivn of IT51 fragments with Ps165 and rPs235 could be
directly applied on environmental DNA extrace. This fea-
ture scems particularly relevant for avoiding the bias of
cultivabality. Such an approach would be switable for the
monitering of Psendomora: populations in environmen-
ral samples, offering new promise in understanding che
conlogy of Psendomronas orzanisms.
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